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Tntroduction 


One «f the alas af any ; paver cyeie ‘8 to compress the working 
meiiim through the necessary — ratio with a ) ae output of 
mecherieal work. This 1s onpeciatig tre of the cas turbine evcle, 
where tie net output is reughly the cifference between the werk out 
pat of the turbines al the werk requined for compresghon, 

The general euargy equetion applies té portions of any cycle es! 
femishes & cuewmxent stgrting point for an investigation into tie 

ef reddéing comweever wrk as a asens of increasing the ast work 
aveilmble fron a gas tusbine cycle, Time gemeral casmg equation aay 
be written aa lollows: © 
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‘In words, the mechanical wrk (d.) is that required te tale one 
pene fe apg Fete © © vepeetas 1), Sie (Se PPE, 
sure (PF) and sfecifib volume (V) ani deliver it to contitions (T + a), 
(y+ he + at D+ GS Wile @ cemeh.e hee Gd Se ata 
by heat transfer or release, al — ' 
sh Bethe pa WD me ind aS 0 
Percmor tn pesfectly insulated (a comtition which can be approached but 
never attained), with mwliciole we can say that (a2) oquals sure. 
Alse, even though there are myrec andet ant ¢: arce velocities, 
the pressure ratios reported for coutimucus Slow seciines are the impact 
e total pressures which tale such velocities into account so thet (v) 
anc (v +d@v) say be commidered sere, In other words, the comresser is 
given tire benefit of having a 100% efficient nosele on tho inlet side 
and a 100% efficient diffuser on the exhtust side. These reduce the 
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general energy equation to: 


wees eds tithe eo <6éb @«®% Pe TERS 4 (2) 
J 
er since 
+ 1 Pey + i Yap = +1a POM. .....- : 
Ovtt +3 2 Oya + 2 aC) = Ope (3) 
GL = Cyat ose eve eseeeeweeew ee 2 @ _ moaethtae & & (i) 


For a compassion prweeum ratio of (Po) , tie ideal teqerstiuzme 
fe ra NS Be 


~ es a) a err er Fee ee » (3) 


SN oe a 
{deal tenperatume rise ae a 
eesti 3 1) = Ty (Po) oC .-=lhw«ses 8 
Pl 











ae ee is defing! as 


ita Doon ioe demas Ome Ae ne 
he , 


Pros heirs (G) mx! (7), the actutl teaperature rise is 
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2, Ao eamainmtion of equation (9) reveals that for a given pras- 
gue ratio, the caspression werk decreases directly sdth tne discuargp 
teapevature (Tp) for any given inlet tomperature (T,). 

In. elow.ppeed.recigweonking mmbiies, it is pomathieuto-eosh thie 
_ cischarce tesperature by heat transfer curing cagwession but ia the 
_ bdgh speed eontlauous flow machines necessary fcr an efficient gua tur 
bine cycle, this ia igpgseible, Tims, the idea of evaporating wake in 
_ the air during compression to hold the teqeratare dom and reduce the 
exgeonsion work jms a creat appeal. It is the purpose of this paper 
ts devenigyte Mp arta) fevease an offickeny which aay be ciptnel 
he oo et re behets. 
sion. 
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Se ee oe 
nixture watsed, "ine Gry Ahy'alr vere presse, re a end hatin 
increage (ar) the tampansture would rise ananount (et), | tlewever, this 
higher temperwture permits the air te abserb aare coisture ami the ten- 
perature is cecreasad by tim keet absorbed by the evaporating waisture 
ani @lso, to a ruch muller ertett, by the heat abgorved in raising the 
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for a piven pressure rise (cP) will be greater than the ideal tempera- 
ture rise (dT J, or apart, 
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(25) expreties tie actual Lampgrapure rise (ar) obtained during wet 
compression for 4 given change in total pressure (dP Pp). 

«Ef (8) pounds of moisture are added per pound of entering air, at 
any given point during the compression process, an anount (Wy) has evap- 
crated to saturate the air. rhis amount of evaporated moisture will 
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occupy the same volume (V,) as the air, allowing us to express the spe=- 
cifie volume of the air ag 
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a ee ee ee ee ee ee ee - (3%) 
where (Vg) 1e the specific volume of the evaporated moisture at tle 
teareraturn obtedned at the given peimt, 

The volume occupied by the saturated air (Vy) wil be esa than 
tie volame (V) whieh would be occupied if all the coisture ware cvapo- 
rated by an amount (Vy) occupied by the unevancrated noisture. The 
volume (Vy) may be cwluate! as , Jj 
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thet cf the vapor as By 

ftere'* 


Sr wee oe wer wp Staacsehec sh aeg (1) 





> of vapor 
f 
fron which, we dbtdin as m:\espredeion for (#y) | | oa 
wee z. preamblcebtsesys +" -7e 8 (20) 
e- _-» Fr - | “ 
'_?; 7 —ie * — a ——4—+» i. of 


mee Osa 1° ‘he e@weee reel 
» nee ee ee re 
De a At rman ot atemnn ed 


em 00 





Expancing equation (18) and collecting terre 
ay, T RT 
Vz Wy a, te a >. ¥, F) % 
> Py = &( e-3 tT Ps 
Substituting for #, 
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Yor a pound af dry ais, the entropy change of a reverwible process 
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(¥) to tile spec!ié volume of Gry air or the wiuee compded by & 
pouxt of dry air, ssisbure ani the éry Sir occupy the exw volun 
and (V) is alse the volume cecupied by the saturated air, Sinn equa- 
tion (21) corrects thin volus for the eacunt of unevazorated soisture 
present, we romtctate epation (22 for (Vv) in @euation (22). 

From equations (15), (21) and (22) 
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Substituting ecuation (28) in equation (2h) gives 
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The amount of heat (Q) lost duPing the compression will, et any 
en instant, be the sum cf the heet lost in evaporatine (7) pounds 
n- . 
oe ae YS a ae (H,, - TW) powxis of wie- — 

Waaoreted moisture to the temperature (T) attained at that point. Let~ 
ting (he) be the wean heat of evaporation evaluated at the averare 
“benperature of the compression up to the given point, 

AG as = [iehig, + hg = Hy) (le = ty] e ole Bese we © , - (30) 
on As = Ze [Re + Oy = He) Oe e hy,)] e AF aN (32) 
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Since the heat is removed over a range of temperature, equation — 
(31) will only be a close amproximation of the entropy change, obtained 
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Compression work @ @, (P= Ty) + Whig = Wy bg, se... (34) 
Equation (34) inpliew that during wet cowpression the air follows 

@ polytropic compression Lins, av does equation (32). In actual practic 
this is probably not strictly true. Although the en! points of the com 
lytropic line, points in betwoen may depart from 

the pelytropie process, Profesor Jeil Pp. Pailey of Dermselacr Polytechnic 
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Tustitute hes show that if the actual compression work is expressed 
me Dag hy Cae ee Se PE & SE eee 
a © [Cyt + a(tyhgi] = Bia oe ‘tad The seconi tern of 
this equation becomes gero if the clunge af of internal energy of (he mtx 
ture is equal to the clmnge of internal energy of the vepor, a condition 
Wich is true only if the mixture is in equilibrium at all times during 
the process, In other words, equation (3h) is true only if we amma 
lens Gabel sme quae! Guuues Gn quasi, bblen be 
modern high speed compression, the air and moisture romain in the com — 


Jreemor for a very short time, it is probable that equilibrium is not 
attained until after comyresmion and thus the actual work commuted by 
equation (34) will be somewhat high, Further data on wet compression 
is necessary to ceterine the magnitude of the error. 


A prediction ef tho eset effect of a change of compressor effic- 
tien cf considerable complexity, so that a rough approxiestion of the 
effect is highly cenirasle, If we teke as our cycle the bamic 0.0 
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The overall cycle efficiency (N) is civen by the rebio of the net 
work output divided by tlw lemt input. 
H = turbine work ~ compresser work — loeses 








Where the subscript (7) denctes turbine 
(L) demotee losoes 
(5) denetes trmmer, 
‘ micy is changed by & fraction 
ere VS ERE AP EP. 
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Equation (38) provides a means of roughly evaluating the effect of 
@chmype of compressor efficiency on the cverall cycle efficiency. It 
_ is not accurate, in that it coes not inclute the effect of the change af 
cycle efficiency on the turbine werk anid the heat input but it will be 
om under prediction rather than over prediction in the case cf a come 


pressor cycle efficiency increase and will therefore be on the “safe side." 


For saturated air at 00° F at a total initial pressure of 1.7 8/in“ans 
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Pry w 1.7 dbs / 5,2 

Pie 25067 P®/in? (from stean tables) 
we Wie? = 5067 = 14.1933 8/in? 

h 48 DTU (from stean tables 
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Ye = 633.8 FS (from steam tables) 
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Assuming the dry efficiency of the compressor to be .8 we can break 
equation (32) into componemes for ease in calculation ae iain Uw 


following: 


pool) 9%) [Pes gem) «pan 
[ssc oso . (re = 28g) me - | =- co.2 = Gan 1053. 
at het ae 


fire ee 











The actual solution is citained with the followlac taular formu 


Aswumed 
(LD) By | v9) 60 78 79 7905 
(2). Ist term 92.6 “106.2 =-19%.2 <107.7 =MM5 
(3) 2nt term ~1. 0.55 95 oT 85 
w +3 uth 108.65 sts 0S wa 
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(S) th tex =133.8 -175.0 ~275.0 213.8 =290.5 
(7) (5) + (6) -51L2 #981, 1.99.6 -137.8 #12);,1 
(8) (4) -_ (7) 2.45 =7.25 91.45 30.85 18.45 


The correct solution of (Rp) is very close to 80 pounis per square 
inch, ‘This means that with wet compeession ani a non=revertible cycle 
between 80° F and 200° F, the partial presmure cf the air goes from 14.7 
Ibs./ in? 40 68,5287 ine, The dry alr ls compressed through 4 ratio of 
PG © 8.06 al > ote cnt @ pet teh o a Ty 


CALCULATION GF IUMAL PRUDSURE WAPTO 
For ideal wet campreswim, Prof, Neil P. Bailey developed the equa~ 
tion Cylog, T + R | + o7 =) 4, 
7 °|8% |*s we PE ey 
in his book on Thernodynamic Cycles. 
For 60° Ff saturated air at a total initial pressure of U7 Ibs. per 
Py we Us.7 = £569 2 14.193 Ibs. per aq. in. 
Prom stean tables V., = 633.1 cu. ft, per Ib. 
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i Vg = 97.07 cu. ft. per Ib. “4 
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Using Crs 172 
172 LONe ws Te loge (3 | . 


4 (pn. - - B as 2506 


022) + .006 — 0885 log, P + ly - -0)32 = O 
DS 


bed 
nl Me Bas = be a 


Por P= ke They. per aq. in. 
20792 = .Wl2 = e, 012), 





$ 


— 220)| = 0 











a: - >. a = 
80° r ad 190° F, the partial pressurm of the alr coes fram 1.193 to 
LS Ibs. per 9q, in, ad vapor goes from 5069 to 1.7 
per sq. in. nwa Ge “commessed through a mtio of lis 
on Se Ger eet Ab Waepirenoed ‘irotel Weather of IE + 37 


=~ 









— one aap ure at ideal pressure retioe obtained 


of ad | added for actual wet compression. 











rs ones = .1045 Ine. tema air, | 


Ti. a 


Tdeal wet comression wort ole, = Cty * 


al 





a 


Ww. e,.' hee 


"rad SRE RHR 










ees ~ he a + ssa, 


Mm 6 Eh ge tM. = 
ne ee Met oe 
USE. = = CO. = OT, 

USO. v= 7 CHD - 



















ee al Kea See tanto Ye ee oe 2 omett 
depot TE sf tt conn) tae eoubre r 
Woteestymes Jew Esutos rot bebbs it” 













20 


eae eae ol, *, ees” tt 








1 
=f ar a - 
= a. AS * ae”) 
pry 2 
—— »"™ Bo 
SERS. ” jp e<= 






ano constant of stature m Bg w (O5s6) (a) 
{ae t ew’ “ea Gee Oo . 


Sb cremtiddinage oom vin oUlgiasts eomeeel 
wh wand tm © Teatth of 
— arr are “" Pe 
ant would require ¢,(r? ). air or eae! ee 
Pag oA) BTA ~ 20) = 19,7 Nf ae 
ame EF Ogee Sa erent es OS = 
’ gaagt eam k Dinie cea 
per pound of iris 


' , 5. oe 


Ha,(ideal) = « 99.6 BT : ; ~~ 
ma lias — DES ~ ae 


















The actual wet comressioa work is civen by equation (3) as actual 


= 0223 ibs vepor/Ib air 





eotsl comregsicon work ® ,2)0 (200 - BO) + (. 2045) (978) » (e0223)(20;2) 
= 20.68 + 102.2 - 23.37 © , 
Actual comprension work = 107,63 ame = 7263 Oe es 


The actual cempresaion work per pound of mixbure is 
0103 Oe tien? Fees 


Table I lists the reeults computed this fer fer comparison, | 
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iy 
Actual dry cowpression sof With N,, = .8 99.6 a 
Shed wt Gemprescion work le ae eh ot” 
| ; — - | x. ‘5 eRe 
Actual wet compression work “a 207.63 Beg * 73 
Since our compreswor is a part of a ges turbine cycle, with wet compres- 


gion the entire 2,10),5 pounds of mixture would be useful at the compres= 
sion ratio ef Deu, Therefores to accomlish the desired result, the 
ideal cry compredsion work would have to be (1.20L5)(79.7) # 0304 7 per 


pound of riixture amd the actual compression work (1.10h5) (96.6) = 104.2 BTU 
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per pour! of mixture, Tablo IT «ives a better comariea of wet anti 


dry compression, 
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Equation (30) gives the arw overall eficiaacy S* es 
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results with water injection, if passed through the ecupresser, woulé in- 
crease the net compresser work far over the reduction achieved by wat com 
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pevesion with the preper accunt of addat noteters, Bince Gwe eater re- 
quired for witer injection fe & relatively large meouht a5 commared to the 
amount fex wet compreesion (up to ten pounts of witer par poem! of fas] 
fer water injection as ctrare’ to around one- te twostentis pousis of water 
per pound of fuel for wet compressin), ft is Seirly tvioss that the work 
romtired to cme title lercer aecunt of eater throurh Ove cewreseor would 
be fer fron € neelipible exmont. In sitio, there goals be the peiden 
of sechanical damqo which in el] probability wouwkd Se stetlar to that 
caused by the preseace of corryeover ‘iter in kich spmed stoan tutines. 
An @n@lysis of equition (32) alse shows tit tie presmre mitio attained, 

with large antunts of mievepcretw! ster famsing throws the coeprewsmor, | 
| yedusee to an unvlesirably exali figure, The second ters of tir equation 
reeches a quite large meuetive value, makice the left side of tbe equdtion 
4 Targe negative tem, With 1 given teperstere fouge, the tir tem be 
comes commwhet soller but reins positive util the preseure refis is re- 
dueel to 4 smell flowre (lees then tes). The fourth tern, them, aut reach 


& wery larre oecative value to make the two sidew of the ecuation balance, 
This tern attaine a lance necrtive wales only as the volump oceamiad vy the 
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Yrom equation (40) it is easily seen thet as the auaamt of water 
(Gy) is increased the total pressure mst decrease in order for the 
fourth term to attain the lorce opgative value necascury to alance equa- 
tion (32), This apams thet tue pressure retio atteined for a given tem 
pressor discharge tosperature, It would appear not advipable to attempt 
water injection by increasing tie amount of water, in the compruasion 
process, over that necessary for post efficient wet compression, 

The west solution to ti problem ef losering turvine inlet. tepere- 
plant by reducing the compreusion work, is a cowbinaticn of weter injec» 
a> os ees ae Oe ee ee ee 
ponamor {iilet Tor cbepiléte eveserahion Ht ths GISGMNYS temperatere, This 
eoul:! easily be achieved by an automatic control such as a thersestatically 
controlled value regulating the amount of water sprayed into the compressor 
inmtabe according to the discharge temperature attaimml, 


Phere are situations, however, wiere saier my not be available for _ 


point af the fact that its first gas turbine plant required no water of 


in case of water supplies cisrupted by cir raids, Alsos although gas tere 
eppears cistinetly probable that they will be in use in the near future. | 
In beth cases, water supplies large encugh to eaintain at least partial — 


wet compreseion over a lone period of time may be sede availsblic to com 
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serve fuel and cMerefare Llucrease the operating hours attained with a 

to determine whether or not, in cases such as that of large aireralt 
omeines, the disadventages of increased weight and space considera‘ions 
for water tanks would: not overcome the acvertage of incrensed efficiency. 
Tet in eny came, a wml] emommt could be carried to inereese the wt work 
awelleble per pound of fuel during emrgency confitdons whereas in neither 
of the two casen cited would it be pectical to carry waler equal to five 
to ten times tie fuel tank capmeity for water injection. = = 
OD LO GEE 





A. certinuoum flow comresser with a comtuster and fuel system my be- 
come unstable an? pulsate unter certain comlitions, Such instability be-~ 
ctaes 2 major onrBting lixttation in gas turbine and jet units, Let us 
imveetizate Beam cf the onerating principles of an mxcial-flow air compressor 
in order to deternine the cffect of wet compression on milsstion en! to 
find come of the cousey of pulsations 
«Tn an axial flow eemressor, the air Slows eurentially in an wcal 
The enerzy of rotational acticn part tho roter blades cowtitutes a loss 
which is reduced by the uo of etater blades, There is a frwesure drop in 
the stator end 2 vressure inctwame in thw retor blades, he total static 
prensure increase of the compreesor is the algebraic sum of the two pressure 


changes. 
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Recause of surface friction, eddies, sheck, etc., certain losses . 
eceur in the flow through the comresser. These losses vary with tne 
Ceflection through the stator and with the angles ef the different blade. 
sections and the sagnitude of the relative velocity of flow, = 

Since the blade velecity at the hub is less then for the rest of 
the blade, in order te produce the full pressure cifferential acros® the 
wheel by the ub sections, the required blace deflection becomes a sje 
imum at the hub, This leads to lange chords (wice blades) ac to a high 
coefficient of lift, For beth quantities, however, there exists a def- _ 
inite upper limit. The left coefficient must be kept low enoug so that 
stalling is avoided, nbrdtaghag ebay i 
the hub. If the chord is mace too long, haraful interforesce betamen — 
neighboring blades will result. Tp eponds are, dinttnt Wy the strength 
of the blades and by the velocity effects as the {lew becomes supermacoustic. 
_ Static pressure 1s procuced by retardation cf the velocity relative 
This is in contraedistinetion te the flow in a turbine, in which came, = 
the conversion of pressure into velecity results in an accelerated flew — 
through the blaces, In both eases, there is a region of decreased velocity 
near the surface, caused by surface friction, called the boundary-layer. _ 
Whereas in cecelerating flow the boundary-layer remains thin because its 
kinetic energy is replenished from the accelerated stream, in retarding © 
flow it increases rapidly in thickness until the point is reached where 
separation cecurs and furtvier increase af pressure is prevented, The in 
erease of thickness of tue beundary-layer in the direction of flow is me= 
lated to the increase of pressure along the profile of the blade, A part 
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of this increase af f presuze is a eansequence of tle shape af the blale, 
particularly in the case of thick blades, since the pressure along the 
surface decreases first fron the impact preasure at the leading edge dow 
to the rinieam ab the @eoackam curvature of the blade ax’ then ctadually 
lew again towne the tiatligg edge, The pressure inerwase is accentuated 
when the airfoil ig pleoed in a retamding Slow. 

zie foncware in vepsinry layer thidiinge geviuaen 4 temuten tn ty 
en the blade, b:ee bn i Oe en ee ee 
Loa wast take yew Gt 0 haar etfaalemy tn « eetenting Clee out se the 
mcial flow cogszwescr, than in an accelerating Clow such aa the turbine, 
| The isherval bepeeen the stater bivlen of tim vompresngy femu & sued 
ef increasing area in which a presoure increase is produced by diffusion 
acter an initial pressure crop in the rotor blades. J 

‘When a deervame of the quantity of air Slow through the compressor 


‘vei 


is enough to cause the Litt coefficient to rive beyond a maxcimm value, 
cecurs, This occurs first at the blade section nearest the Inb, 
the quantity of Clow is decreased belew the region of optdsmm operating 
gontitions, a rocion of instability results, he cae Tye Oe Gus ee 
tho inerwasing pressure reqcires Lift forces which are bayond the 
Lift the blade ¢an produce, Consequently, the flow breake aeay from the 
Peck of the tinte ant stalling (or flew eqparation) comme. This my pro 
Quce fuctenticns of prusitiré and the quantity of discharge. In the erit- 
teal soe, flow eqpracien alternates with ent flowy protusing 8 poet 
liar rigo and fall cf sound. 
As the speed of the turbine is reduced, the axial welocity of air 
tion of the air entering the roter relative to the roter is changed as | 
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Fico IL VerocityY DIAGRAM OF AIR ENTERING ROTOR BLAOING, 
SHOWING ROTOR VELOCITY (Ya), AXIAL VELOCITY OF ENTERING 
AiR (4), VELOCITY OF AIR RELATIVE TO BLADING (w). 
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Fic. IY DIAGRAM OF TYPICAL CURVE OF COMPRESSOR APM 
PRESSURE RATIO AND VOLUMETRIC FLOW, 
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shown by Fig. Ili. 

As the angle (5) changes, the angle of attack cf the retor blades 
chances, changing the lift and drag of the blade. as the velocity of 
flew through the cempresser decreases, the angle of attack increascs util 
the stall point for the blade is reached, The phenomenon of flow separe~ 
tion at the lee side of the blade leads to surging. However, separation 
' Qake operating point hs oe within the stable operating range. 

If operating conditions are changed to point (£) where the flow is re- | 
duced, the pressure will be higher than the flow resistance and the flow 
wild increase again. If conditions chance to point (D), where the flow 
flow would Ceortase again, The necessary and sufficient eonditicas for 


stable operation are given by ; Aa ’ i. -—s © es Cet Te 
ion 1 Orr > (EP) compressor 66 5 
- « a 

~~) wwe. © a tt 
i.é.: The pressure nutatnne > the system must increase more rapidly 


ym 6 fae ~~ lLeo 
tian the compressor pressure during an increase in flow, a awe 


is also satisfied ws — (3). However, the line (22) represents a steady 
state conition and does not ayty necessarily to the a re 


With a comsreestale ras flew, the system has a certain accumlating capace 
ity, a on the sise, es a result Sod the so of the systes, 


: et ci 
as the Flow changes, doves not follow curve (89) imediately but with 2 delay 
ra | 


in tine. With a large systen, for a short tine following an operating 


conten change, the spcten pressure Pemins constant ~ — ~s repre= 


° , /- -> 


sented by line (bo). In this case, the condition of stability is not ful- 
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filled since the supply pressure Gate more rapidly with increased flow 


oi 2.5 ye apo 
wmtalé unter wt te doaene te size vals yeas [Y) ahem met ca 
Zo yttseley mid ch eheld wit to path Soe UE et pete yume 
Liaw wnaweet dsadde we slp ete Perr! oer att Spot eD 
wees sett) Se een as Docitoerr 9! abel! at) Wi Meher Lives au 
ee ee ee ’ 
_ anne die Camsamene deer a 
map pate abies it abate wae fh) Won erm whet 
5 ot aD we ee (5) foie 87 eds o> amtiiiees peifeee TT 
wal? @f7 bes eocmmmiast Well wi) we ted ew Lee yey met term 
walt aif eval of) Aaisy of ngeic mmiviiere aims emmemat f1Be 
ocd ieee comers el net cee! of ALieow ctemeray e/ ,Semermuet sat 
WD eatilien feist se Cee WT aime eerie ofeos all 
We aeth =p miisren ele 
hegre ome maar tee meryy et a mcaialaes werwrry =P sat 
entities shit axl cl werent ae YN) iene TNwoepeen at! amid 
Genie 2 ntmeenpet (ge) a ett es <PO tees wt kntratten oats if 
atest memmimabeat ie of Srramamee Lips Se mech os wcities ota 
a ee ee 
qmnbuys ed Yo etwrieey mt? Catia So Ake © oe vente ai co paifeeet oust 
Cate & ABbe det ctetntineet (92) erm elle) fs ee eomento wilh wet ne 
qelteregy 6 siieetiNt eed toe a eee epee tte ets 
An ot 9s Far pearens eles cme enters AO oognasin nolérnewe 
0S. fen eh iTike e miilion 6 yale ee (ef!) mat ql bows 
wal boweveset? dip Ufttge voor rome! wearer: Ct BL mete Me? 



















31 


than the (momentary) rewistance pressure, As a result, the flow at (3) 
may be unstable and will. ten? to depart from (B) in either direction. The 
flow will move back and forth between sero and a_peint (D) with a pericd — 
determined by the ratie vefiveen-the wapecity of the system and the quentity 
being delivered at point (D). Since the separation ef Clow fras the blade 
is also a function of time, it is possible to have stable operation et 
point (5). The horisantal line ()) at point (A) shows stable operation 
at all times; F- 

It would therefore see= theoretically possible to eliminate unstable 
onerating ranges of gn axial flow compressor by a device which would relieve 
re eae pS ey 7 | 

pestieasite eth Py Weitian, Undenbetl Siaiienniies Gagiinieds mimes 
Polytoctnie Institute, shows the effect of inertia on pulsation in his 
book "Gas Turbine Combustion and Stability." Take the system shown in 
Fig. V below, where the net work output of the system is represented by 
(W,,), the ancunt of air bled off to mike the comreaser work equal to the 
turbine work, Following frefesser Railey's apthed, we proceed as follows: 

Prom Fig. V during a trensient disturbance; in the burner flow 

Ride etna © Cin wy tentid> ete tal 


| 

| 

| 
Tv 2 Wy ~ Fy = Ws + es @seevreteove © eens eee @ 2) 


| the variation of weight flow through the bumer with the pressure (P) 
[puting the aueution thet (P) 1s an everage value for the wbole systed] 
will be some variation ef the curve sliom in Fig. VI. | 

Letting the subscript (9) denote steady state conditions, a disturd- 
ence of differential mnitule, or a larger ¢isturbence taken wary soon 
after its creation, may be expresded age 
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Fic Vo SCHEMATIC DIAGRAM OF COMPRESSOR AND BURNER. 
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Fic. YI VARIATION OF WEIGHT FLow WITH PRESSURE. 
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Where Wy Woy Wx ant P are inetautenecus conditlons . 
equatsene (2), (3) and (k) an (1) 
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Setiing up a heat balance across the burner 
(Wy = By) Cy (TQ = TQ) SWE... ee ee ee (9) 
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Where If is the heating value of the fuel 
dilferentiating equation (9) wWth respect te time, assuming 


stant, 





(Wy = Wx) "pz + Cp(T2 - 72) (a é 





Assuming a high pressure fuel syste= such that i 0 


(7 —¥y) op M2 age —— a “eee seecrornad (13) 
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Substituting equation (11) an (6) 
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With the burner operating at pressures high enough to hawe nearly 
| acoustic flew 
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or since temperatures taken are all total temperatures 
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Since this equation is emctly the same as the equation developed by 

professor Bailey for conditions with no bleed off (K = 0), it anpears 

that blood off has no effect on the point where instability starts. 
With wet compression, the air flow (W;) 1s increased by the assent 


of moisture added (fy). Equation (33) now becoaes 
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_ - Equation (36) indicates that the effect of wet compression is to 
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second term on the right side of the equation. 1 iy (Ty) the tonperatre 


of dime air from the compressor is reduced by wet compression. This” ~ 

has the effect of increasing tie first term on the right side of the equa 
tion and further reducing the second term, making Plas? even nore posie 
tive. Thus, theoretically, the effect of wet a ay would be to ine 


crease the range of the compressor. 
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MOE COMRECSIOM FOR UGE ATTN PRMATC TOOLS 


Wien a mixture of saturated air ani moisture enters a compressor, 


the evaporate! vapor behawes Like any gas in that it te omprossed with 
the air. When this compressed misrture is used in any mchenien whore it 


ss epee’ to a teureture lover than the coqressar discharge temper 

ature, the ability of the air to contain the malate is dscreased dnd 
e- oe ‘by 

to moistire will coxionse out, | Tf the saturated air de acveloreted 

trouch a noszle it le both reduced in static texpereture and decreased 
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in presswe, either of which will cause the air to becaw supersatumted 


~~ =— 
and the vapor to condense out in the fora of éroplets, th & gue tatbine 
a ei «eo, 2 
St Oe 
i i : hn gn peri, wh wkd 
es GB68 ae Ve ae 060 Se ee ee 
wv * ° 1 ae ‘out *=@ sah 
mae Gen peuetndiite at Grae deus cextundl ealsaee i cue, There 


y - 
remains, of oouree, the ponsibility of conieneation of moisture ue te 
cmtrifugal action, but this oan be avoided in a wold, degigned plane. 

If, as in the case of pevmetic tools, the air is expanded to a tem 
perature lower than the compressor discharge temperature, the axisture 
must be renoved before the air reaches the tocls. This meas that the 
werk required to compress the vepor is lost since the vaper is ne loper 
@ part of the working medium ami work cannot be extracted fron it. Tom 
ever, since the moletbure is removed in an aftercocler, the removal takes 
nt pressure, so that with wet compression, en ine 
creased pressure is obtained for a given amount af compression work or 
conversely for a required nressure to operate the pmewmatic tools, the 
amount of compression work is reduced by wet comression. 

For example, suppose a certain type of pnewmtic tool requires 
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120 p.s.i. for operation. Thke is a pressure ratio of 6.18. Ver wet 
compreesion to achieve this pressure ratio, it will take .12 of mois- 
ture per Ib cry air and will result in a discharge temperature of about 

s 1,120 ibs of mixture to 





227 deg F.. The total work required to compres 

a pressure of 6.18 atmosphere is given by Cyd + Wyyhg = Wy hg, or about 

130 BIU per pound of air. Pe on he hy pen oe Gs 

pressure ratio of 6.18, would result in a temperature =" ° 5, = 
L 


980 deg R. The ideal dry compression work is then C,@f = 106 





BTU/Ib air. Giving the compressor the benefit of an efficiwnoy as high as 
8, the actual dry compreszion work would be 133 BTU per Ib air. Thus 
wet compression would save about 3 BTU for each peuund of air used. In 
large capecity plants, this would amount to a considerable saving and would 
justify the additional initial cost of an aftercooler to renove the mois- 
ture added by wet compression. 


AW. UY. AD agem 
KE .Car. US. 


om pens fig scttee oe ne EL 
ae 





. ‘i P f 
® > ; 
» 
= 
rn] “ie Se g*,- 
.. Mi. eit all 
- ¢q 
" Mais, 





























Mi 


t oe tity 


GOLG LEE CEPIIG 
a a 
See etre y J 


~ GAM CR 








